A one-pot, three-component and catalyst-free method for the efficient and simple synthesis of dialkyl 3-(dicyanomethyl)-2-oxoindolin-3-ylphosphonates at 50°C under solvent-free conditions is reported. The features of this procedure are mild reaction conditions, high yields of products, and operational simplicity.
Multicomponent reactions (MCRs), in which multiple reactions are combined into the synthetic operation have been used extensively to form carbon-carbon bonds in the synthetic chemistry. [1] [2] [3] [4] Such reactions offer a wide range of possibilities for the efficient construction of highly complex molecules in a single procedural step, thus avoiding the complicated purification operations and allowing savings of both solvents and reagents. In the past decade, there has been tremendous development in three-and four-component reactions, and great efforts continue to be made to develop new MCRs. [5] [6] [7] [8] [9] In this context, oxindole derivatives show interesting features that make them attractive for use in MCRs. Oxindoles are known to possess antibacterial, antiprotozoal, and anti-inflammatory activities and are also patented as PR (progesterone receptors) agonists. [10] [11] [12] [13] [14] The naturally occurring oxindole derivative convolutamydine has been found to exhibit potent activity in the differentiation of HL-60 human plomyelocytic leukemic cells. 15) The varied biological activities of oxindole derivatives have attracted the synthetic chemists to a number of synthetic strategies. [16] [17] [18] [19] [20] Pioneering work on P-C bond formation was carried out by Arbusov in the early 20th century, culminating in the well-known Michaelis-Arbusov reaction. 21) In the following decades the chemistry of phosphonates developed relatively slowly because of the difficulty in formation of the C-P bond. Its renaissance came after 1959 with the discovery of naturally occurring aminophosphonic acids 22) and new biologically active phosphonates. 23) Organophosphorus compounds have found a wide range of application in the areas of industrial, agricultural, and medicinal chemistry owing to their biological and physical properties as well as their utility as synthetic intermediates. [24] [25] [26] a-Functionalized phosphonic acids are valuable intermediates for the preparation of medicinal compounds and synthetic intermediates. [27] [28] [29] Natural products containing P-C bonds also show interesting biological activities. 30, 31) Among various methods to generate P-C bonds, the addition of P(O)-H bonds across alkenes is one of the most utilized. 32, 33) There are three general approaches: (a) the phospha-Michael reaction of activated alkenes, most commonly promoted by catalyst [32] [33] [34] [35] [36] [37] or microwave 38) ; (b) addition to inactivated olefins promoted by radical initiators 39) ; (c) hydrophosphorylation of inactivated alkenes catalyzed by transition metals. 40, 41) Recently, threecomponent methods have been reported for the synthesis of organophosphorus derivatives. 42, 43) Considering the above reports, and as a continue of our work on the synthesis of heterocyclic compounds, [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] we are currently investigating the synthesis of various 2-oxoindolin-3-ylphosphonates via a facile, atom-economical, and one-pot, three-component condensation reaction of isatins 1, malononitril 2 and dialkyl phosphites 3 under solvent-free conditions at 50°C (Chart 1).
Results and Discussion
In a pilot experiment, the reaction of isatin 1a, malononitril 2 and diethyl phosphite 3a in the absence of any catalyst proceeds under solvent-free conditions at 50°C. The progress of the reaction was monitored by TLC. After completion of the reaction after 2 h, the product diethyl 3-(dicyanomethyl)-2-oxoindolin-3-ylphosphonate 4a was obtained in 81% yield.
Then, to delineate this approach, particularly in regard to library construction, this methodology was evaluated by using eight substituted isatins 1a-h, three dialkyl phosphates 3a-c and malononitril 2 and corresponding dialkyl 3-(dicyanomethyl)-2-oxoindolin-3-ylphosphonates 4a-t were selectively synthesized by the one-pot, three-component condensation reaction in good yields under similar conditions for 1-8 h ( Table 1) .
To the best of our knowledge, this new procedure provides the first example of a three-component and catalyst-free synthesis of dialkyl 3-(dicyanomethyl)-2-oxoindolin-3-ylphosphonates. The reactions under catalyst-and solvent-free conditions are considerably safe, nontoxic, environmentally friendly, and inexpensive. The absence of catalyst for the reaction allows avoiding the use of moisture sensitive and heavy metal Lewis acids. This method, based on catalyst-free reaction under solvent-free conditions, is the most simple and convenient and would be applicable for the synthesis of different types of dicyanomethyl-oxoindolin-3-ylphosphonates. 1 H-and 13 C-NMR spectra of the crude products clearly indicated the formation of 2-oxoindolin-3-ylphosphonates 4. Compounds 4 are stable solids whose structures were estab-lished by IR, 1 H-, 31 P-and 13 C-NMR spectroscopy and elemental analysis.
The formation of products 4 can be rationalized by initial formation of 2-(2-oxoindolin-3-ylidene)malononitriles 5 by standard Knoevenagel condensation of isatins 1 and malononitrile 2. Subsequent Michael-type addition of dialkyl phosphates 3 to the intermediate 5 afforded the corresponding products 4 (Chart 2).
As expected, when the isatin 1 was replaced by acenaphthylene-1,2-dione 6, dialkyl 1-(dicyanomethyl)-2-oxo-1,2-dihydroacenaphthylen-1-ylphosphonates 7a-c was obtained in good yield under the same reaction conditions (Chart 3). These reactions proceeded very cleanly under mild conditions, and no undesirable side reactions were observed. The acenaphthylen-1-ylphosphonates 7a-c were synthesized for the first time.
Conclusion
In conclusion, an efficient, atom-economical, and simple method for the preparation of dialkyl 3-(dicyanomethyl)-2oxoindolin-3-ylphosphonate and dialkyl 1-(dicyanomethyl)-2-oxo-1,2-dihydroacenaphthylen-1-ylphosphonates using readily available starting materials under solvent-free conditions is reported. Prominent among the advantages of this new catalyst-free method are operational simplicity, good yields and easy work-up procedures employed. 13 1H, s, NH) . 13 
